Introduction
Among the most important needs in the perinatal management of high risk patients, has been to find a valid and reliable test for estimating the degree of pulmonary maturity of the human fetus in utero.
The measurement of amniotic fluid phospholipids has gained widespread popularity in the assessment of fetal lung maturity. Many studies have established beyond doubt that secretion of fetal lung fluid containing surfactant contributes to amniotic fluid composition [3, 5, 10, 11] . Several procedures have been proposed for its evaluation but two of them have been widely acclaimed, the L/S ratio [4, 6, 7] , probably the best method for estimation of fetal pulmonary maturity, and a much simpler method proposed by CLEMENTS [2] , known äs the "shake test" or "foam stabüity test".
Recently, studies on the perinatal development of lung surfactant in the rat and human [8, 9] revealed that, besides lecithin, the lung surfactant complex contains other minor characteristic phospholipids. Phosphatidylglycerol (PG) and phosphatidylinositol have been identified. Although PG function is not clear yet, it seems that its role would be to improve the function of lung surfactant in stabilizing alveoli.
In a previous paper [1] we have reported that the presence of PG in amniotic fluid indicates that fetal lung maturation has been reached and that the newborn will not develop respiratory distress syndrome (RDS), the most serious disease of the neonatal period.
The objective of this study is to compare the L/S ratio, the "shake test", the measurement of PG and precipitated lecithin fraction in amniotic fluid obtained from complicated pregnancies.
Material and methods
Sixty nine amniotic fluid samples from 53 patients were obtained by transabdominal amniocentesis strictly due to maternal and/or fetal indication, according to the course of pregnancy and the maternal and/or fetal Status. All patients had with saline. It was considered a positive test when a complete ring of bubbles appeared at the meniscus, in both tubes, 15 minutes after shaking; intermediate, when the ring was complete in 100% amniotic fluid and incomplete or absent in 50% diluted amniotic fluid; and finally negative when an incomplete or absent ring was found in both tubes.
The statistical analysis was performed by variance analysis and chi square test. complicated pregnancies, mainly diabetes and Rh(-) sensitization, äs is shown in Tab. I.
Samples contaminated by meconium and/or blood were excluded from our study.
Amniotic fluid samples were 10 ml or more. Phospholipid measurements and "shake test" were performed in every sample. Phospholipids were measured after centrifugation at 3,500 rpm for 10 minutes. Extraction of phospholipids from amniotic fluid supernatant was performed using the procedure described by GLUCK et al [7] . After extraction, acetone precipitation was done and both fractions (acetone-precipitated and acetone-sohible) were plated and run on heated activated thin layers of silica gel H containing 5% ammonium sulfate. The acetone-precipitated fraction was developed on two dimensional thin layer chromatography. The plates were first developed upwards using chloroform-methanol-acetic acid H 2 O (390-150-48-24 v/v) then from right to left with tetrahydrofuran-methylal-methanol-2N NH 4 OH 400 -285-78-42 v/v). Between the individual runs the plates were heated to 90°C for 5 minutes. The acetone-soluble fraction was developed on the same plate but only in the first dimension. After development of the chromatograms the plates were charred at 280°C for 10 minutes to visualize the compounds. The comparative densities of acetone-precipitated lecithin (L), sphingomyelin (S), phosphatidylinositol (PI), phosphatidylserin (PS), phosphatidyletanolamine (PE), phosphatidylglycerol (PG) and acetone-soluble lecithin were measured on the thin layer plates by reflectance densitometry.
The L/S ratios and percentages of precipitated lecithin were calculated äs described previously by GLUCK et al. [6] . The percentages of the phospholipid compounds were correlated in the precipitated fraction by adding the total density readings and calculating the percentage contribution of each fraction. A modification of the original technique described by CLEMENTS [2] ("shake test") was performed.
Only two dilutions were used: one was 100% amniotic fluid and in the other, amniotic fluid was diluted to 50% An L/S ratio of 2.0 is taken äs the limit of lung maturity. In the negative "shake test" group, 9 of the 30 samples showed L/S values equal or higher than 2.0. Thus 30% of this group were "false negatives". On the other hand, in the inteimediate and positive "shake test" groups, all the values of L/S ratio were equal or higher than 2.0 (except one sample for each group).
Results
The percentages of PG were correlated with the values of the "shake test" and the results are shown in Fig. 3 . The average value of PG in amniotic fluid is higher in the intermediate and positive groups, than in the negative one. PG was not found in almost any case of the negative "shake test". PG was absent in 43% of the inter- In the negative "shake test" group a high percentage of false negative samples (30%) was found.
mediate group and in 27% of the positive group. The variance analysis showed a statistically significant difference between the three groups (p < 0.005). greater or equal to 2.0, and the other less than 2.0. PG was under detection limit in the samples with an L/S ratio less than 2.0, s well s in 38% of those with an L/S ratio higher than 2.0. The FISHER test showed a significant statistical difference (p = 0.0001). Thus the presence of PG is associated with an L/S ratio equal or higher than 2.0.
In . When precipitable lecithin was equal or less than 45% of total lecithin, 78% of the samples had an L/S ratio lower than 2.0. Only 25% of the samples with precipitable lecithin greater than 45% had an'L/S ratio lower than 2.0. less than 45%, and in the other more than 45%. When the precipitable lecithin was equal or less than 45% of total lecithin, 78% of the samples had an L/S ratio lower than 2.0. On the other hand, only 25% of the samples with precipitable lecithin greater than 45% had an L/S ratio lower than 2.0. According to the Fisher test, the difference was statistically significant (p = 0.008). In Fig. 6 are shown the results obtained from the study of values of PG with precipitable lecithin. The samples were divided into the same two groups according to precipitable lecithin values. No PG was found in the samples with precipitable lecithin equal or less than 45%. PG was absent in 51% of the samples with precipitable lecithin greater than 45%. The Fisher test showed a statistically significant difference (p = 0.009).
Comments
The increasing demand for the measurement of fetal pulmonary surfactant in amniotic fluid, to predict the likelihood of neonatal respiratory distress led us to evaluate more simple procedures to measure amniotic fluid surface tension s a possible screening test. Our results were similar to that of a previous publication [12] confirming that the "shake test" is a good screening method, since a positive result practicaUy indicates maturity of the fetal lung. However, the high percentage (30%) of false negatives (samples with negative "shake test" and L/S ratio greater than 2.0) indicates that the "shake test" may not be safe, speciaJIy in high risk pregnancies where a clinical confirmation should be reached soonest. We would, therefore, suggest that in such cases the L/S ratio must also be measured, to enable a more precise prediction of the risk of respiratory distress.
Another aspect is that all L/S ratio values obtained in the intermediate group (except for one sample) were higher than 2.0. Therefore, when an intermediate "shake test" value is obtained, we may assume, for our population, that the fetus has reached the lung maturity expressed by an L/S ratio higher than 2.0. According to our previous publication [1] , the presence of PG in amniotic fluid allows to predict that the newborn will not develop a respiratory distress syndrome.
In our results the absence of PG was strongjy associated with a negative "shake test". However, the reverse Situation was not observed, äs several amniotic fluid samples witli positive "shake test" did not show presence of PG. Nevertheless, we may conclude that the presence of PG in amniotic fluid is a good indicator of fetal lung maturation, since when present, L/S ratio was equal or greater than 2.0. However, its absence does not indicate the opposite. This Statement is supported by the results presented in Fig. 4 . PG was not found in any sample with L/S ratio less than 2.0,andneither in 38% of those with L/S ratio higher than 2.0.
In a general way, we can conclude from our results, that the "shake test" may be used äs a good screening test, but its välue is limited when used exclusively. When a negative "shake test" is obtained, a densitometer determination of L/S ratio and PG should be done, in order to obtain a more reliable diagnosis of fetal lung maturity.
Summary
The measurement of amniotic fluid phospholipids has gained widespread popularity in the assessment of fetal lung maturity. Several procedures have been proposed for its evaluation but two of them have been widely acclaimed, the L/S ratio, probably the best method for estimation of fetal pulmonary maturity, and a much simpler method proposed by CLEMENTS, known äs the "shake test" or "foam stability test". Recent studies revealed that, besides lecithin, the lung surfactant complex contains other minor characteristic phospholipids. Phosphatidylglycerol (PG) and phosphatidylinositol have been identified and their role would be to improve the function of lung surfactant. The objective of this study is to compare the L/S ratio, the "shake test", the measurement of PG and precipitated lecithin fraction in amniotic fluid obtained from complicated pregnancies. Sixty nine amniotic fluid samples from 53 patients were obtained by transabdominal amniocentesis according to the course of pregnancy and the maternal and/or fetal Status. Phospholipid measurements and "shake test" were performed in every sample. L/S ratio was measured from amniotic fluid supernatant using the procedure described by GLUCK et al. The Identification of minor phospholipids (PI and PG) was done by two dimensional thin layer chromatography (Fig. 1) .
A modification of the original technique described by CLEMENTS ("shake test") was performed. Only two dilutions were used: one was 100% amniotic fluid and in the other, amniotic fluid was diluted to 50% with saline. When comparing the L/S ratio values, a statistically significant difference was found between the negative "shake test" group and the intermediate and positive tests. No difference was found between these last two groups. When an L/S ratio of 2.0 was taken äs the l im i t of lung maturity, 30% of the results were false negative "shake tests" (Fig. 2) . These results were simüar to that of a previous publication confirming that the "shake test" is a good screening method, since a positive result practically indicates maturity of the fetal lung. However, the high percentage (30%) of false negatives indicates that the "shake test" may not be safe. The percentages of PG were correlated with the values of the "shake test" and L/S ratio and it was found that PG was almost always absent in the negative "shake test" and always absent when L/S ratio is lower than 2.0, showing that lung maturity has not yet been reached (Fig. 4) . We can conclude from our results, that the "shake test" may be used äs screening test, although its value is limited when used exclusively. When a negative "shake test" is obtained, determination of L/S ratio and PG should be done.
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